Complete genome sequence of Serratia plymuthica strain AS12 by Neupane, Saraswoti et al.
Standards	
 in	
 Genomic	
 Sciences	
 (2012)	
 6:165-173	
  DOI:10.4056/sigs.2705996	
 
	
  The	
 Genomic	
 Standards	
 Consortium	
 
Complete	
 genome	
 sequence	
 of	
 Serratia	
 plymuthica	
 strain	
 
AS12	
 
Saraswoti	
 Neupane
1,	
 Roger	
 D.	
 Finlay
1,	
 Sadhna	
 Alström
1,	
 Lynne	
 Goodwin
2,3,	
 Nikos	
 C.	
 
Kyrpides
2,	
 Susan	
 Lucas
2,	
 Alla	
 Lapidus
2,	
 David	
 Bruce
2,3,	
 Sam	
 Pitluck
2,	
 Lin	
 Peters
2,	
 Galina	
 
Ovchinnikova
2,	
 Olga	
 Chertkov
2,3,	
 James	
 Han
2,	
 Cliff	
 Han
2,3,	
 Roxanne	
 Tapia
2,3,	
 John	
 C.	
 
Detter
2,3,	
 Miriam	
 Land
2,4,	
 Loren	
 Hauser
2,4,	
 Jan-Fang	
 Cheng
2,	
 Natalia	
 Ivanova
2,	
 Ioanna	
 
Pagani
2,	
 Hans-Peter	
 Klenk
5,	
 Tanja	
 Woyke
2	
 and	
 Nils	
 Högberg
1	
 
1	
 Uppsala	
 BioCenter,	
 Department	
 of	
 Forest	
 Mycology	
 and	
 Plant	
 Pathology,	
 Swedish	
 	
 
University	
 of	
 Agricultural	
 Sciences,	
 Uppsala,	
 Sweden	
 
2	
 DOE	
 Joint	
 Genome	
 Institute,	
 Walnut	
 Creek,	
 California,	
 USA,	
 
3	
 Los	
 Alamos	
 National	
 Laboratory,	
 Bioscience	
 Division,	
 Los	
 Alamos,	
 New	
 Mexico,	
 USA,	
 
4	
 Oak	
 Ridge	
 National	
 Laboratory,	
 Oak	
 Ridge,	
 Tennessee,	
 USA	
 
5	
 Leibniz	
 Institute	
 DSMZ	
 –	
 German	
 Collection	
 of	
 Microorganisms	
 and	
 Cell	
 Cultures,	
 
Braunschweig,	
 Germany	
 
Corresponding	
 author:	
 Saraswoti	
 Neupane	
 
Keywords:	
 Facultative	
 anaerobe,	
 gram-negative,	
 motile,	
 non-sporulating,	
 mesophilic,	
 
chemoorganotrophic,	
 agriculture,	
 Enterobacteriaceae,	
 CSP	
 2010	
 
A	
 plant-associated	
 member	
 of	
 the	
 family	
 Enterobacteriaceae,	
 Serratia	
 plymuthica	
 strain	
 AS12	
 
was	
 isolated	
 from	
 rapeseed	
 roots.	
 It	
 is	
 of	
 scientific	
 interest	
 because	
 it	
 promotes	
 plant	
 growth	
 
and	
 inhibits	
 plant	
 pathogens.	
 The	
 genome	
 of	
 S.	
 plymuthica	
 AS12	
 comprises	
 a	
 5,443,009	
 bp	
 
long	
 circular	
 chromosome,	
 which	
 consists	
 of	
 4,952	
 protein-coding	
 genes,	
 87	
 tRNA	
 genes	
 and	
 
7	
 rRNA	
 operons.	
 This	
 genome	
 was	
 sequenced	
 within	
 the	
 2010	
 DOE-JGI	
 Community	
 Se-
quencing	
 Program	
 (CSP2010)	
 as	
 part	
 of	
 the	
 project	
 entitled	
 “Genomics	
 of	
 four	
 rapeseed	
 plant	
 
growth	
 promoting	
 bacteria	
 with	
 antagonistic	
 effect	
 on	
 plant	
 pathogens”.	
 
Introduction	
 
Plant ﾠ associated ﾠ Serratia ﾠ species ﾠ are ﾠ commonly ﾠ
found ﾠ as ﾠ free-ﾭ‐living ﾠ bacteria ﾠ in ﾠ rhizosphere ﾠ soil ﾠ
and ﾠ as ﾠ endophytes ﾠ within ﾠ plant ﾠ roots. ﾠ They ﾠ in-ﾭ‐
clude ﾠ strains ﾠ with ﾠ the ﾠ ability ﾠ to ﾠ stimulate ﾠ plant ﾠ
growth ﾠ and ﾠ to ﾠ inhibit ﾠ the ﾠ growth ﾠ of ﾠ soil ﾠ borne ﾠ
pathogens ﾠof ﾠeconomically ﾠimportant ﾠagricultural ﾠ
plants ﾠ [1-ﾭ‐3]. ﾠ One ﾠ Serratia ﾠ strain, ﾠ S. ﾠ plymuthica ﾠ
HRO-ﾭ‐C48, ﾠis ﾠsuccessfully ﾠused ﾠas ﾠan ﾠalternative ﾠto ﾠ
chemical ﾠ agents ﾠ for ﾠ control ﾠ of ﾠ soil-ﾭ‐borne ﾠ fungal ﾠ
diseases ﾠin ﾠdifferent ﾠcrops ﾠsuch ﾠas ﾠstrawberry ﾠand ﾠ
rapeseed ﾠ[3,4]. ﾠIts ﾠability ﾠto ﾠdegrade ﾠchitin, ﾠa ﾠfun-ﾭ‐
gal ﾠ cell ﾠ wall ﾠ component, ﾠ may ﾠ be ﾠ responsible ﾠ for ﾠ
antifungal ﾠactivity, ﾠwhereas ﾠthe ﾠproduction ﾠof ﾠthe ﾠ
plant ﾠhormone ﾠindole-ﾭ‐3-ﾭ‐acetic ﾠacid ﾠ(IAA) ﾠcould ﾠbe ﾠ
involved ﾠ in ﾠ plant ﾠ growth ﾠ promotion ﾠ [3]. ﾠ S. ﾠ
plymuthica ﾠAS12 ﾠhas ﾠchitinolytic ﾠactivity ﾠand ﾠwas ﾠ
isolated ﾠfrom ﾠrapeseed ﾠroots ﾠfrom ﾠUppsala, ﾠSwe-ﾭ‐
den ﾠin ﾠ1998 ﾠ[5]. ﾠThe ﾠreason ﾠfor ﾠour ﾠinterest ﾠin ﾠS. ﾠ
plymuthica ﾠAS12 ﾠis ﾠits ﾠability ﾠto ﾠinhibit ﾠVerticillium ﾠ
longisporum ﾠ(earlier ﾠV. ﾠdahliae), ﾠa ﾠsoil ﾠborne ﾠfun-ﾭ‐
gal ﾠ pathogen ﾠ of ﾠ rapeseed, ﾠ thus ﾠ promoting ﾠ the ﾠ
rapeseed ﾠgrowth ﾠboth ﾠdirectly ﾠand ﾠindirectly ﾠ[5]. ﾠ
Here ﾠwe ﾠpresent ﾠa ﾠdescription ﾠof ﾠthe ﾠcomplete ﾠge-ﾭ‐
nome ﾠof ﾠS. ﾠplymuthica ﾠAS12 ﾠand ﾠits ﾠannotation. ﾠ
Classification	
 and	
 features	
 
A ﾠrepresentative ﾠ16S ﾠrRNA ﾠgene ﾠsequence ﾠof ﾠthe ﾠ
strain ﾠAS12 ﾠgenome ﾠwas ﾠused ﾠfor ﾠcomparison ﾠus-ﾭ‐
ing ﾠ NCBI ﾠ BLAST ﾠ [6] ﾠ under ﾠ default ﾠ settings ﾠ with ﾠ
the ﾠmost ﾠrecent ﾠdatabases. ﾠThe ﾠrelative ﾠfrequen-ﾭ‐
cies ﾠof ﾠtaxa ﾠand ﾠBLAST ﾠscores ﾠwere ﾠdetermined. ﾠ
The ﾠ most ﾠ frequently ﾠ occurring ﾠ genus ﾠ is ﾠ Serratia ﾠ
where ﾠ some ﾠ of ﾠ the ﾠ ‘hits’ ﾠ share ﾠ a ﾠ 100% ﾠ identity. ﾠ
When ﾠ considering ﾠ high-ﾭ‐scoring ﾠ segment ﾠ pairs ﾠ
(HSPs) ﾠfrom ﾠthe ﾠbest ﾠ250 ﾠhits, ﾠthe ﾠmost ﾠfrequent ﾠ
matches ﾠ were ﾠ Serratia ﾠ sp. ﾠ (17.2%) ﾠ with ﾠ a ﾠ maxi-ﾭ‐
mum ﾠ identity ﾠ of ﾠ 97-ﾭ‐100%, ﾠ while ﾠ S. ﾠ plymuthica ﾠ
(5.2%) ﾠ had ﾠ a ﾠ maximum ﾠ identity ﾠ of ﾠ 97-ﾭ‐100%, ﾠ S. ﾠ
proteomaculans ﾠ(4.8%) ﾠwith ﾠa ﾠmaximum ﾠidentity ﾠ
of ﾠ97-ﾭ‐99%, ﾠS. ﾠmarcescens ﾠ(4.8%) ﾠwith ﾠa ﾠmaximum ﾠ
identity ﾠ of ﾠ 96-ﾭ‐97% ﾠ and ﾠ different ﾠ strains ﾠ of ﾠ
Rahnella ﾠ (7%) ﾠ with ﾠ a ﾠ maximum ﾠ identity ﾠ of ﾠ 97-ﾭ‐
98%. ﾠSerratia	
 plymuthica	
 strain	
 AS12	
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A ﾠphylogenetic ﾠtree ﾠ(Figure ﾠ1) ﾠwas ﾠconstructed ﾠus-ﾭ‐
ing ﾠ16S ﾠrRNA ﾠsequences ﾠof ﾠS. ﾠplymuthica ﾠAS12 ﾠwith ﾠ
other ﾠgenera ﾠwithin ﾠthe ﾠfamily ﾠEnterobacteriaceae ﾠ
including ﾠ two ﾠ species ﾠ within ﾠ the ﾠ genus ﾠ Serratia. ﾠ
The ﾠtree ﾠshows ﾠthe ﾠposition ﾠof ﾠS. ﾠplymuthica ﾠAS12 ﾠ
within ﾠthe ﾠgenus ﾠSerratia ﾠand ﾠits ﾠdistinct ﾠclustering ﾠ
with ﾠS. ﾠplymuthica, ﾠwhich ﾠwas ﾠconfirmed ﾠby ﾠdigital ﾠ
DNA-ﾭ‐DNA ﾠ hybridization ﾠ values ﾠ [11] ﾠ above ﾠ 70% ﾠ
with ﾠthe ﾠ(unpublished) ﾠdraft ﾠgenome ﾠsequence ﾠof ﾠ
the ﾠ S. ﾠ plymuthica ﾠ type ﾠ strain ﾠ Breed ﾠ K-ﾭ‐7T ﾠ from ﾠ a ﾠ
DSM ﾠ4540 ﾠculture ﾠas ﾠwell ﾠas ﾠwith ﾠthe ﾠcomplete ﾠge-ﾭ‐
nome ﾠsequence ﾠof ﾠS. ﾠplymuthica ﾠAS9 ﾠ[12] ﾠusing ﾠthe ﾠ
GGDC ﾠweb ﾠserver ﾠ[13]. ﾠ
The ﾠ cells ﾠ of ﾠ strain ﾠ AS12 ﾠ stain ﾠ Gram-ﾭ‐negative ﾠ and ﾠ
are ﾠrod ﾠshaped, ﾠ1-ﾭ‐2 ﾠµm ﾠlong, ﾠ0.5-ﾭ‐0.7 ﾠµm ﾠwide ﾠ(Fig-ﾭ‐
ure ﾠ2 ﾠand ﾠTable ﾠ1) ﾠand ﾠmotile. ﾠThe ﾠculture ﾠforms ﾠ
red ﾠto ﾠpink ﾠcolored ﾠcolonies ﾠof ﾠ1-ﾭ‐2 ﾠmm ﾠdiameter ﾠon ﾠ
tryptic ﾠsoy ﾠagar ﾠand ﾠpotato ﾠdextrose ﾠagar, ﾠbut ﾠthe ﾠ
colony ﾠcolor ﾠdepends ﾠon ﾠdifferent ﾠfactors ﾠsuch ﾠas ﾠ
the ﾠ growth ﾠ substrate, ﾠ pH ﾠ of ﾠ the ﾠ medium ﾠ and ﾠ
growth ﾠtemperature. ﾠThe ﾠorganism ﾠis ﾠa ﾠfacultative ﾠ
anaerobe ﾠand ﾠgrows ﾠat ﾠtemperatures ﾠranging ﾠfrom ﾠ
4 ﾠ°C ﾠ-ﾭ‐ ﾠ40 ﾠ°C ﾠand ﾠwithin ﾠa ﾠpH ﾠrange ﾠof ﾠ4 ﾠ-ﾭ‐ ﾠ10. ﾠIt ﾠhas ﾠ
the ﾠability ﾠto ﾠutilize ﾠa ﾠwide ﾠrange ﾠof ﾠcarbon ﾠsources ﾠ
such ﾠ as ﾠ glucose, ﾠ sucrose, ﾠ succinate, ﾠ mannitol ﾠ and ﾠ
arabinose. ﾠ It ﾠ also ﾠ has ﾠ cellulolytic, ﾠ phospholytic, ﾠ
chitinolytic ﾠand ﾠproteolytic ﾠactivity ﾠ[5]. ﾠThe ﾠstrain ﾠ
is ﾠdeposited ﾠin ﾠthe ﾠCulture ﾠCollection, ﾠUniversity ﾠof ﾠ
Göteborg, ﾠSweden ﾠ(CCUG) ﾠas ﾠSerratia ﾠsp. ﾠAS12 ﾠ(= ﾠ
CCUG ﾠ61397). ﾠ
Chemotaxonomy	
 
The ﾠcells ﾠof ﾠS. ﾠplymuthica ﾠAS12 ﾠcontain ﾠa ﾠmixture ﾠof ﾠ
saturated ﾠ and ﾠ unsaturated ﾠ fatty ﾠ acids. ﾠ The ﾠ domi-ﾭ‐
nant ﾠfatty ﾠacids ﾠin ﾠstrain ﾠAS12 ﾠare ﾠC16:0 ﾠ(22.94%), ﾠ
Cͳ͸ǣͳɘ͹ ﾠ (17.08%), ﾠ Cͳͺǣͳɘ͹ ﾠ (19.65%), ﾠ C14:0 ﾠ (5.11%), ﾠ
along ﾠwith ﾠother ﾠminor ﾠfatty ﾠacid ﾠcomponents. ﾠNo ﾠ
information ﾠis ﾠavailable ﾠfor ﾠother ﾠcompounds. ﾠPre-ﾭ‐
viously ﾠit ﾠhas ﾠbeen ﾠshown ﾠthat ﾠSerratia ﾠspp. ﾠcontain ﾠ
a ﾠmixture ﾠof ﾠC14:0, ﾠC16:0, ﾠC16:1 ﾠand ﾠC18:1+2 ﾠfatty ﾠacids ﾠin ﾠ
which ﾠ50-ﾭ‐80% ﾠof ﾠthe ﾠtotal ﾠfatty ﾠacid ﾠin ﾠthe ﾠcell ﾠis ﾠ
C14:0 ﾠand ﾠothers ﾠeach ﾠless ﾠthan ﾠ3% ﾠ[28]. ﾠThis ﾠis ﾠcon-ﾭ‐
sistent ﾠwith ﾠthe ﾠobservation ﾠthat ﾠC14:0 ﾠis ﾠa ﾠcharac-ﾭ‐
teristic ﾠfatty ﾠacid ﾠof ﾠthe ﾠfamily ﾠEnterobacteriaceae. ﾠ
 ﾠ
 ﾠ
Figure	
 1.	
 Phylogenetic	
 tree	
 highlighting	
 the	
 position	
 of	
 S.	
 plymuthica	
 AS12	
 in	
 relation	
 to	
 selected	
 Serratia	
 strains	
 and	
 other	
 
genera	
 within	
 the	
 family	
 Enterobacteriaceae.	
 The	
 tree	
 was	
 based	
 on	
 1,535	
 characters	
 of	
 the	
 16S	
 rRNA	
 gene	
 sequence	
 aligned	
 
in	
 ClustalW2	
 [7].	
 The	
 tree	
 was	
 inferred	
 under	
 the	
 maximum	
 likelihood	
 criterion	
 using	
 MEGA5	
 software	
 [8]	
 and	
 rooted	
 with	
 
Pseudomonas	
 trivialis	
 (a	
 member	
 of	
 the	
 Pseudomonadaceae	
 family).	
 The	
 branches	
 are	
 mapped	
 by	
 the	
 expected	
 number	
 of	
 
substitutions	
 per	
 site.	
 The	
 numbers	
 above	
 the	
 branches	
 are	
 support	
 values	
 from	
 1,000	
 bootstrap	
 replicates	
 if	
 larger	
 than	
 60%	
 
[9].	
 Lineages	
 with	
 genome	
 sequences	
 registered	
 in	
 GOLD	
 [10]	
 are	
 shown	
 in	
 blue.	
 Neupane	
 et	
 al.	
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 ﾠ
Figure	
 2.	
 Scanning	
 electron	
 micrograph	
 of	
 S.	
 plymuthica	
 AS12	
 
Table	
 1.	
 Classification	
 and	
 general	
 features	
 of	
 S.	
 plymuthica	
 AS12	
 according	
 to	
 MIGS	
 recommendations	
 [14]	
 
MIGS	
 ID	
  Property	
  Term	
  Evidence	
 code
a	
 
	
  Current	
 classification	
  Domain	
 Bacteria	
  TAS	
 [15]	
 
	
  	
  Phylum	
 Proteobacteria	
  TAS	
 [16]	
 
	
  	
  Class	
 Gammaproteobacteria	
  TAS	
 [17,18]	
 
	
  	
  Order	
 “Enterobacteriales”	
  TAS	
 [19]	
 
	
  	
  Family	
 Enterobacteriaceae	
  TAS	
 [20-22]	
 
	
  	
  Genus	
 Serratia	
  TAS	
 [20,23,24]	
 
	
  	
  Species	
 Serratia	
 plymuthica	
  TAS	
 [20,25]	
 
	
  	
  Strain	
 AS12	
  IDA	
 
	
  Gram	
 stain	
  Negative	
  IDA	
 
	
  Cell	
 shape	
  Rod-shaped	
  IDA	
 
	
  Motility	
  Motile	
  IDA	
 
	
  Sporulation	
  Non-sporulating	
  IDA	
 
	
  Temperature	
 range	
  Mesophilic,	
 4	
 –	
 40°C	
  IDA	
 
	
  Optimum	
 temperature	
  28°C	
  IDA	
 
	
 
Carbon	
 source	
 
Glucose,	
 sucrose,	
 fructose,	
 succinate,	
 
trehalose,	
 mannitol,	
 inositol,	
 arabinose	
 
IDA	
 
	
  Energy	
 metabolism	
  Chemoorganotrophic	
  IDA	
 
MIGS-6	
  Habitat	
  Rapeseed	
 roots	
  IDA	
 
MIGS-6.3	
  Salinity	
  Medium	
  IDA	
 
MIGS-22	
  Oxygen	
  Facultative	
  IDA	
 
MIGS-15	
  Biotic	
 relationship	
  Endophyte	
  TAS	
 [5]	
 
MIGS-14	
  Pathogenicity	
  None	
  NAS	
 
	
  Biosafety	
 level	
  1+	
  TAS	
 [26]	
 
MIGS-4	
  Geographic	
 location	
  Uppsala,	
 Sweden	
  NAS	
 
MIGS-5	
  Sample	
 collection	
 time	
  Summer	
 1998	
  NAS	
 
MIGS-4.1	
  Latitude	
  59.8	
  NAS	
 
MIGS-4.2	
  Longitude	
  17.65	
  NAS	
 
MIGS-4.3	
  Depth	
  0.1	
 m	
  NAS	
 
MIGS-4.4	
  Altitude	
  24-25	
 m	
  NAS	
 
a)	
 Evidence	
 codes	
 -	
 IDA:	
 Inferred	
 from	
 Direct	
 Assay;	
 TAS:	
 Traceable	
 Author	
 Statement	
 (i.e.,	
 a	
 direct	
 report	
 ex-
ists	
 in	
 the	
 literature);	
 NAS:	
 Non-traceable	
 Author	
 Statement	
 (i.e.,	
 not	
 directly	
 observed	
 for	
 the	
 living,	
 isolated	
 
sample,	
 but	
 based	
 on	
 a	
 generally	
 accepted	
 property	
 for	
 the	
 species,	
 or	
 anecdotal	
 evidence).	
 These	
 evidence	
 
codes	
 are	
 from	
 the	
 Gene	
 Ontology	
 project	
 [27].	
 If	
 the	
 evidence	
 code	
 is	
 IDA,	
 then	
 the	
 property	
 should	
 have	
 
been	
 directly	
 observed,	
 for	
 the	
 purpose	
 of	
 this	
 specific	
 publication,	
 for	
 a	
 live	
 isolate	
 by	
 one	
 of	
 the	
 authors,	
 or	
 
an	
 expert	
 or	
 reputable	
 institution	
 mentioned	
 in	
 the	
 acknowledgements.	
 	
 Serratia	
 plymuthica	
 strain	
 AS12	
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Genome	
 sequencing	
 information	
 
S. ﾠplymuthica ﾠAS12 ﾠwas ﾠselected ﾠfor ﾠsequencing ﾠon ﾠ
the ﾠbasis ﾠof ﾠits ﾠability ﾠto ﾠpromote ﾠrapeseed ﾠplant ﾠ
growth ﾠas ﾠwell ﾠas ﾠto ﾠinhibit ﾠfungal ﾠpathogens ﾠof ﾠ
rapeseed ﾠ[5]. ﾠThe ﾠgenome ﾠsequence ﾠis ﾠdeposited ﾠ
in ﾠthe ﾠGenomes ﾠOn ﾠLine ﾠDatabase ﾠ[10] ﾠ(GOLD ﾠID ﾠ= ﾠ
Gc01771) ﾠ and ﾠ in ﾠ GenBank ﾠ (INSDC ﾠ ID ﾠ = ﾠ
CP002774). ﾠSequencing, ﾠfinishing ﾠand ﾠannotation ﾠ
were ﾠperformed ﾠby ﾠthe ﾠDOE ﾠJoint ﾠGenome ﾠInsti-ﾭ‐
tute ﾠ(JGI). ﾠA ﾠsummary ﾠof ﾠthe ﾠproject ﾠinformation ﾠ
and ﾠits ﾠassociation ﾠwith ﾠMIGS ﾠidentifiers ﾠis ﾠshown ﾠ
in ﾠTable ﾠ2. ﾠ
Growth	
 conditions	
 and	
 DNA	
 isolation	
 
The ﾠcells ﾠof ﾠS. ﾠplymuthica ﾠAS12 ﾠwere ﾠgrown ﾠin ﾠLu-ﾭ‐
ria ﾠ Broth ﾠ (LB) ﾠ medium ﾠ at ﾠ 28°C ﾠ with ﾠ constant ﾠ
shaking ﾠat ﾠ200 ﾠrpm. ﾠThe ﾠcells ﾠwere ﾠharvested ﾠafter ﾠ
12 ﾠhours ﾠwhen ﾠthe ﾠcells ﾠwere ﾠin ﾠthe ﾠearly ﾠstation-ﾭ‐
ary ﾠphase. ﾠThe ﾠcells ﾠwere ﾠpelleted ﾠand ﾠresuspend-ﾭ‐
ed ﾠin ﾠTE ﾠbuffer ﾠ(Sigma ﾠAldrich). ﾠThe ﾠDNA ﾠwas ﾠex-ﾭ‐
tracted ﾠ from ﾠ the ﾠ resuspended ﾠ cells ﾠ by ﾠ following ﾠ
the ﾠstandard ﾠCTAB ﾠprotocol ﾠfor ﾠbacterial ﾠgenomic ﾠ
DNA ﾠisolation, ﾠwhich ﾠis ﾠavailable ﾠat ﾠJGI ﾠ[29]. ﾠ
Table	
 2.	
 Genome	
 sequencing	
 project	
 information	
 
MIGS	
 ID	
  Property	
  Term	
 
MIGS-31	
  Finishing	
 quality	
  Finished	
 
MIGS-28	
  Libraries	
 used	
 
Three	
 libraries:	
 one	
 454	
 standard	
 library,	
 one	
 paired	
 end	
 
454	
 library	
 (12	
 kb	
 insert	
 size)	
 and	
 one	
 Illumina	
 library	
 
MIGS-29	
  Sequencing	
 platforms	
  Illumina	
 GAii,	
 454	
 GS	
 FLX	
 Titanium	
 
MIGS-31.2	
  Fold	
 coverage	
  59.0	
 ×	
 Illumina;	
 8.8	
 ×	
 pyrosequencing	
 
MIGS-30	
  Assemblers	
  Velvet	
 v.	
 1.0.13,	
 Newbler	
 v.	
 2.3,	
 Phrap	
 version	
 SPS	
 –	
 4.24	
 
MIGS-32	
  Gene	
 calling	
 method	
  Prodigal	
 1.4,	
 GenePRIMP	
 
	
  NCBI	
 project	
 ID	
  60453	
 
	
  INSDC	
 ID	
  CP002774	
 
	
  Genbank	
 Date	
 of	
 Release	
  October	
 12,	
 2011	
 
	
  GOLD	
 ID	
  Gc01771	
 
MIGS-13	
  Source	
 material	
 identifier	
  CCUG	
 61397	
 
	
  Project	
 relevance	
  Biocontrol,	
 Agricultural	
 
Genome	
 sequencing	
 and	
 assembly	
 
The ﾠgenome ﾠof ﾠS. ﾠplymuthica ﾠAS12 ﾠwas ﾠsequenced ﾠ
using ﾠa ﾠcombination ﾠof ﾠIllumina ﾠ[30] ﾠand ﾠ454 ﾠse-ﾭ‐
quencing ﾠplatforms ﾠ[31]. ﾠThe ﾠdetailed ﾠinformation ﾠ
on ﾠ library ﾠ construction ﾠ and ﾠ sequencing ﾠ can ﾠ be ﾠ
found ﾠat ﾠthe ﾠJGI ﾠwebsite ﾠ[29]. ﾠThe ﾠsequence ﾠdata ﾠ
from ﾠ Illumina ﾠ GAii ﾠ (1,800 ﾠ Mb) ﾠ were ﾠ assembled ﾠ
with ﾠVelvet ﾠ[32] ﾠand ﾠthe ﾠconsensus ﾠsequence ﾠwas ﾠ
computationally ﾠshredded ﾠinto ﾠ1.5 ﾠkb ﾠoverlapping ﾠ
fake ﾠ reads. ﾠ The ﾠ sequencing ﾠ data ﾠ from ﾠ 454 ﾠ
pyrosequencing ﾠ (81.6 ﾠ Mb) ﾠ were ﾠ assembled ﾠ with ﾠ
Newbler. ﾠThe ﾠinitial ﾠdraft ﾠassembly ﾠcontained ﾠ61 ﾠ
contigs ﾠin ﾠone ﾠscaffold ﾠand ﾠconsensus ﾠsequences ﾠ
were ﾠ computationally ﾠ shredded ﾠ into ﾠ 2 ﾠ kb ﾠ over-ﾭ‐
lapping ﾠ fake ﾠ reads. ﾠ The ﾠ 454 ﾠ Newbler ﾠ consensus ﾠ
reads, ﾠthe ﾠIllumina ﾠVelvet ﾠconsensus ﾠreads ﾠand ﾠthe ﾠ
read ﾠpairs ﾠin ﾠthe ﾠ454 ﾠpaired ﾠend ﾠlibrary ﾠwere ﾠinte-ﾭ‐
grated ﾠusing ﾠa ﾠsoftware ﾠparallel ﾠPhrap ﾠ[33]. ﾠPossi-ﾭ‐
ble ﾠ mis-ﾭ‐assemblies ﾠ were ﾠ corrected ﾠ with ﾠ
gapResolution ﾠ [29], ﾠ Dupfinisher ﾠ [34], ﾠ or ﾠ by ﾠ se-ﾭ‐
quencing ﾠ cloned ﾠ bridging ﾠ PCR ﾠ fragments ﾠ with ﾠ
subcloning ﾠor ﾠtransposon ﾠbombing ﾠ(Epicentre ﾠBi-ﾭ‐
otechnologies, ﾠ Madison, ﾠ WI). ﾠ The ﾠ gaps ﾠ between ﾠ
contigs ﾠ were ﾠ closed ﾠ by ﾠ editing ﾠ in ﾠ the ﾠ software ﾠ
Consed ﾠ[35-ﾭ‐37], ﾠby ﾠPCR ﾠand ﾠby ﾠBubble ﾠPCR ﾠ(J.-ﾭ‐F. ﾠ
Chang, ﾠunpublished) ﾠprimer ﾠwalks. ﾠA ﾠtotal ﾠof ﾠ160 ﾠ
additional ﾠreactions ﾠwas ﾠnecessary ﾠto ﾠclose ﾠgaps ﾠ
and ﾠto ﾠraise ﾠthe ﾠquality ﾠof ﾠthe ﾠfinished ﾠsequence. ﾠ
The ﾠsequence ﾠreads ﾠfrom ﾠIllumina ﾠwere ﾠused ﾠto ﾠ
correct ﾠpotential ﾠbase ﾠerrors ﾠand ﾠincrease ﾠconsen-ﾭ‐
sus ﾠquality ﾠusing ﾠthe ﾠsoftware ﾠPolisher ﾠdeveloped ﾠ
at ﾠJGI ﾠ[38]. ﾠThe ﾠfinal ﾠassembly ﾠis ﾠbased ﾠon ﾠ47.4 ﾠMb ﾠ
of ﾠ454 ﾠdraft ﾠdata ﾠwhich ﾠprovides ﾠan ﾠaverage ﾠ8.8 ﾠ× ﾠ
coverage ﾠof ﾠthe ﾠgenome ﾠand ﾠ315 ﾠMb ﾠof ﾠIllumina ﾠ
draft ﾠdata ﾠwhich ﾠprovides ﾠan ﾠaverage ﾠ59 ﾠ× ﾠcover-ﾭ‐
age ﾠof ﾠthe ﾠgenome. ﾠ
Genome	
 annotation	
 
The ﾠS. ﾠplymuthica ﾠAS12 ﾠgenes ﾠwere ﾠidentified ﾠus-ﾭ‐
ing ﾠProdigal ﾠ[39] ﾠas ﾠpart ﾠof ﾠthe ﾠgenome ﾠannotation ﾠ
pipeline ﾠ at ﾠ Oak ﾠ Ridge ﾠ National ﾠ Laboratory ﾠNeupane	
 et	
 al.	
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(ORNL), ﾠOak ﾠRidge, ﾠTN, ﾠUSA, ﾠfollowed ﾠby ﾠa ﾠround ﾠ
of ﾠmanual ﾠcuration ﾠusing ﾠthe ﾠJGI ﾠGenePRIMP ﾠpipe-ﾭ‐
line ﾠ[40]. ﾠThe ﾠpredicted ﾠCDS ﾠwere ﾠtranslated ﾠand ﾠ
used ﾠto ﾠsearch ﾠthe ﾠNational ﾠCenter ﾠfor ﾠBiotechnol-ﾭ‐
ogy ﾠ Information ﾠ (NCBI) ﾠ nonredundant ﾠ database, ﾠ
Uniport, ﾠTIGR-ﾭ‐Fam, ﾠPfam, ﾠPRIAM, ﾠKEGG, ﾠCOG ﾠand ﾠ
InterPro ﾠ databases. ﾠ The ﾠ miscellaneous ﾠ functions ﾠ
were ﾠ predicted ﾠ using ﾠ tRNAscan-ﾭ‐SE ﾠ [41], ﾠ
RNAmmer ﾠ [42], ﾠ TMHMM ﾠ [43], ﾠ and ﾠ signalP ﾠ [44]. ﾠ
Additional ﾠgene ﾠprediction ﾠanalysis ﾠand ﾠfunctional ﾠ
annotation ﾠwas ﾠperformed ﾠwithin ﾠthe ﾠIntegrated ﾠ
Microbial ﾠ Genomes ﾠ – ﾠ Expert ﾠ Review ﾠ (IMG-ﾭ‐ER) ﾠ
platform ﾠdeveloped ﾠby ﾠthe ﾠJoint ﾠGenome ﾠInstitute, ﾠ
Walnut ﾠCreek, ﾠCA, ﾠUSA ﾠ[45]. ﾠ
Genome	
 properties	
 
The ﾠ genome ﾠ of ﾠ S. ﾠ plymuthica ﾠ AS12 ﾠ comprises ﾠ a ﾠ
single ﾠcircular ﾠchromosome ﾠof ﾠ5,443,009 ﾠbp ﾠwith ﾠ
55.96% ﾠ GC ﾠ content ﾠ (Figure ﾠ 3 ﾠ and ﾠ Table ﾠ 3) ﾠ and ﾠ
5,140 ﾠ predicted ﾠ genes. ﾠ Among ﾠ those ﾠ predicted ﾠ
genes, ﾠ 4,952 ﾠ were ﾠ assigned ﾠ as ﾠ protein-ﾭ‐coding ﾠ
genes ﾠand ﾠ88.71% ﾠof ﾠprotein ﾠcoding ﾠgenes ﾠwere ﾠ
assigned ﾠfor ﾠputative ﾠfunction ﾠand ﾠthe ﾠremaining ﾠ
ones ﾠ were ﾠ annotated ﾠ as ﾠ hypothetical ﾠ proteins. ﾠ
There ﾠwere ﾠ76 ﾠpseudogenes ﾠand ﾠ113 ﾠRNA ﾠgenes ﾠ
with ﾠ seven ﾠ rRNA ﾠ operons. ﾠ The ﾠ distribution ﾠ of ﾠ
genes ﾠ into ﾠ the ﾠ COG ﾠ functional ﾠ categories ﾠ is ﾠ pre-ﾭ‐
sented ﾠin ﾠTable ﾠ4. ﾠ
 ﾠ
Figure	
 3.	
 Graphical	
 circular	
 map	
 of	
 the	
 chromosome.	
 From	
 outside	
 to	
 the	
 center:	
 Genes	
 on	
 
forward	
 strand	
 (color	
 by	
 COG	
 categories),	
 Genes	
 on	
 reverse	
 strand	
 (color	
 by	
 COG	
 categories),	
 
RNA	
 genes	
 (tRNAs	
 green,	
 rRNAs	
 red,	
 other	
 RNAs	
 black),	
 GC	
 content,	
 GC	
 skew.	
 Serratia	
 plymuthica	
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Table	
 3.	
 Genome	
 statistics	
 
Attribute	
  Value	
  %	
 of	
 total
a	
 
Genome	
 size	
 (bp)	
  5,443,009	
  100.00%	
 
DNA	
 Coding	
 region	
 (bp)	
  4,772,809	
  87.69%	
 
DNA	
 G+C	
 content	
 (bp)	
  3,045,986	
  55.96%	
 
Total	
 genes
b	
  5,139	
  100.00%	
 
RNA	
 genes	
  112	
  2.18%	
 
rRNA	
 operons	
  7	
  0.14%	
 
Protein-coding	
 genes	
  4,952	
  96.36%	
 
Pseudo	
 genes	
  75	
  1.46%	
 
Genes	
 in	
 paralog	
 clusters	
  2721	
  52.95%	
 
Genes	
 assigned	
 to	
 COGs	
  3,808	
  74.10%	
 
Genes	
 assigned	
 in	
 Pfam	
 domains	
  4,184	
  81.41%	
 
Genes	
 with	
 signal	
 peptides	
  675	
  13.13%	
 
Genes	
 with	
 transmembrane	
 helices	
  1,228	
  23.89%	
 
CRISPR	
 repeats	
  1	
  	
 
a)	
 The	
 total	
 is	
 based	
 on	
 either	
 the	
 size	
 of	
 the	
 genome	
 in	
 base	
 pairs	
 
or	
 the	
 total	
 number	
 of	
 protein	
 coding	
 genes	
 in	
 the	
 annotated	
 ge-
nome.	
 
Table	
 4.	
 Number	
 of	
 genes	
 associated	
 with	
 the	
 25	
 general	
 COG	
 functional	
 categories	
 
Code	
  Value	
  %	
 age	
  Description	
 
J	
  201	
  4.27	
  Translation,	
 ribosomal	
 structure	
 and	
 biogenesis	
 
A	
  1	
  0.02	
  RNA	
 processing	
 and	
 modification	
 
K	
  481	
  10.22	
  Transcription	
 
L	
  160	
  3.40	
  Replication,	
 recombination	
 and	
 repair	
 
B	
  1	
  0.02	
  Chromatin	
 structure	
 and	
 dynamics	
 
D	
  37	
  0.79	
  Cell	
 division	
 and	
 chromosome	
 partitioning	
 
Y	
  0	
  0.00	
  Nuclear	
 structure	
 
V	
  64	
  1.36	
  Defense	
 mechanisms	
 
T	
  187	
  3.97	
  Signal	
 transduction	
 mechanisms	
 
M	
  265	
  5.63	
  Cell	
 envelope	
 biogenesis,	
 Outer	
 membrane	
 
N	
  94	
  2.00	
  Cell	
 motility	
 and	
 secretion	
 
Z	
  0	
  0.00	
  Cytoskeleton	
 
W	
  0	
  0.00	
  Extracellular	
 structure	
 
U	
  116	
  2.47	
  Intracellular	
 trafficking	
 and	
 secretion	
 
O	
  153	
  3.25	
  Posttranslational	
 modification,	
 protein	
 turnover,	
 chaperones	
 
C	
  272	
  5.78	
  Energy	
 production	
 and	
 conversion	
 
G	
  424	
  9.01	
  Carbohydrate	
 transport	
 and	
 metabolism	
 
E	
  470	
  9.99	
  Amino	
 acid	
 transport	
 and	
 metabolism	
 
F	
  106	
  2.25	
  Nucleotide	
 transport	
 and	
 metabolism	
 
H	
  185	
  3.93	
  Coenzyme	
 metabolism	
 
I	
  135	
  2.87	
  Lipid	
 metabolism	
 
P	
  285	
  6.06	
  Inorganic	
 ion	
 transport	
 and	
 metabolism	
 
Q	
  133	
  2.83	
  Secondary	
 metabolite	
 biosynthesis,	
 transport	
 and	
 catabolism	
 
R	
  537	
  11.41	
  General	
 function	
 prediction	
 only	
 
S	
  398	
  8.46	
  Function	
 unknown	
 
-	
  918	
  17.86	
  Not	
 in	
 COGs	
 Neupane	
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